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Virulence  and  Immunogenicity  of  Typhoid  Microbe  Cultures,  I maun o- 
genioity  of  the  Corresponding  Vaoeine*  and  the  Content  of  Vi-antigen  in 
The”  as  Determined  ly  the  Hemagglutination  Ba&ctlon. 

by  T.  &„  Orlova,  of  the  Taraaevich  State  Control  Institute. 


Zhurnal  Hikrobioiogii,  Spidemiologii  i  Imaunoblologi i,  29:  8:  105-110:  195$* 


Since  the  tine  of  the  discovery  of  the  typhoid  microbe's  superficial 
Vi-antigaa  (Veliks,  193^),  a  great  quantity  of  works  related  to  the  investi¬ 
gation  of  this  antigen's  characteristics  has  been  published.  However,  the 
comparative  complexity  of  the  method,  imposed  by  the  presence  of  another 
somatic  antigen  (0- antigen),  did  not  permit  the  complete  discovery  of  this 
antigen's  importance  in  the  virulence  and  immunogenicity  of  the  microbe. 

In  1951  Spann  proposed  to  use  a  method  of  erythrocytic  agglutination 
for  he  separate  investigation  of  these  two  antigens.  The  method  was  baaed 
on  the  fact  that  the  Vi-antigen  dissolves  readily  in  water  and  is  quickly 
adsorbed  onto  erythrocytes  (the  erythrocytes  are  thereby  sensitized),  where¬ 
as  the  0-antigen  remains  connected  with  the  bacterial  cell.  The  erythrocytes 
start  to  agglutinate  with  a  serum  containing  Vi-antibodlee.  These  data  were 
corroborated  by  Aorvax'e  (1952),  Minor,  Minor  and  Grabar  (1952),  Kozinskii 
and  coworkers  (1952-195^),  Lendi  and  coworkers(l$52,  1953)  and  Khuber  (1953 
and  other  years).  * (  See  Translators  Note  No  1) 

However, there  were  no  attempts  in  these  works  to  compare  the  character¬ 
istics  shown  by  a  hemagglutination  reaction  ,  to  the  basic  characteristics 
of  the  microbe  cell.  Therefore,  we  undertook  the  task  of  filling  this  gap 
as  far  as  possible. 

The  first  stage  of  our  work  was  the  determination  of  the  optimum  con¬ 
ditions  of  the  hemagglutination  reaction.  Ve  investigated  the  capacity  of 
Vi*aatigen-coataiair.g  extracts,  produced  by  different  methods,  to  adsorb 
to  the  erythrocytes  of  different  types  of  animals.  The  influences  of  the 
temperature,  the  concentration  of  hydrogen  ions  and  of  the  adsorption  time 
on  the  outcome  of  the  hemagglutination  reaction  were  also  Investigated.  As 
a  result,  we  selected  the  optimum  and  most  easily  fulfilled  conditions  for 
the  staging  of  the  hemagglutination  reaction,  as  shown  in  the  following 
chart. 


1.  The  prece«r  of  adsorption  of  the  Vi-antigen  to  the  erythrocytes. 

a.  Antigen  -  Supernatant  Liquor  of  a  suspension  of  living 
culture  or  vaccines. 

b.  Erythrocytes  -  Chicken,  10  i>  suspension  in  the  super¬ 
natant  liquor  of  the  cultures  or  vaccines. 

c.  Adsorption  temperature  -  Hoorn  ienperature. 

d.  Adsorption  time  -  10-20  minutes. 

2.  The  arrangement  of  the  hemagglutination  reaction. 

a.  Serum  -  Babbit,  containing  Vl-aatlbodies  diluted  two-fold, 
in  a  0.2  ml  volume  per  dilution. 
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Srythrocyts* 


Sensitized,  not  washed  fro®  the  antigen,  & 


0,5-1  t  suspension  in  0, 2-0.5  ®1  volume  to  every  serum  dilution. 

0.  Glassware  -  Special  plates  or  test  tubes. 

d.  Temperature  ox  the  reaction  -  Boo®  temperature. 

e.  Reaction  Tine  -  30-40  ainutes. 

f.  Calculation  of  results  -  the  four-plus  system. 

However,  the  use  of  such  a  method  did  not  permit  a  quantitative  de¬ 
termination  of  the  Vi-antigen  content  in  the  liquors  lender  investigation, 
as  minimum  quantities  of  the  antigen  were  required  in  the  solution  for  the 
sensitization  of  the  erythrocytes,  and  the  reaction  in  all  cases  attained 
the  titer  of  the  Vi-aatibodies  in  the  sense.  Therefore,  we  developed  a 
method  for  the  quantitative  determination  of  Yi-antlgen  that  allowed  ua  to 
compare  the  extracts  by  their  Vi-antigen  content.  It  was  based  cn  *he  de¬ 
termination  of  the  highest  dilution  of  the  extract  capable  (with  the  ad¬ 
sorption  on  the  erythrocytes)  of  producing  agglutination  of  the  erythro¬ 
cytes  in  the  presence  of  the  immune  serum. 

In  table  1  are  shown  the  results  of  the  quantitative  determination  of 
the  Vl-antlgen  in  the  extract  procured  by  the  Spavin  method.  It  ia  apparent 
.cat  the  extract  dilution  of  1:60,  selected  for  the  sens itazat ion  of  the 
erythrocytes,  insured  erythrocytic  agglutination  up  to  the  titer  of  the 
serum.  Therefore,  the  dilution,  1:80,  may  be  accepted  as  the  titer  of  the 
Vi-antigen  in  the  extract.  The  hemagglutination  method  was  utilized  by  us 
for  the  comparison  of  the  virulence  and  lmaunogenieity  of  the  vaccines  to 
the  quantitative  content  of  Vi-antigen  in  them. 

However,  suoh  a  comparison  can  only  be  produced  with  the  observance  of 
fixed  conditions.  First,  the  suspension  from  which  the  supernatant  liquors 
are  prepared  must  contain  the  very  same  quantity  of  microbes.  Second,  the 
time  intervals  from  the  moment  of  washing  of  the  culture  and  from  the  draw¬ 
ing  of  the  supernatant  liquors  must  be  invariable.  Therefore,  for  the  de¬ 
termination  of  Vi-antigen,  we  always  used  suspensions  containing  one 
milliard  microbes  in  one  ml.  It  was  shown  by  special  tests  that  holding 
the  suspension  at  room  temperature  for  one  hour  was  sufficient  for  the 
transfer  of  the  essential  quantity  of  the  Vi-antigen  from  the  mlcrobic 
cell  to  the  surrounding  medium.  Therefore,  the  method  of  receiving  the 
supernatant  liquor  for  the  sensitisation  of  the  erythrocytes  (to  be  used  In 
the  investigation  of  the  Vi-antigen  in  living  cultures)  was  as  follows; 

We  washed  off  a  growth  of  agar  culture  with  a  physiologic  solution.  The  spec¬ 
ification  of  the  suspension  was  set  at  one  milliard  living  microbee  in  ore 
(1)  ml.  The  suspensions  were  left  at  room  temperature  for  one  (1)  hour.  Af¬ 
ter  this,  the  centrifugation  was  completed.  Then,  the  supernatant  liquors 
were  drawn  off  for  the  determination  of  their  Vi-antigen  content. 

Fourteen  (14)  strains  of  typhoid  fever  cultures  were  investigated.  3f 
these,  two  (2)  strains  (H-901  and  0-901)  did  not  sensitise  the  erythrocytes, 
five  (5)  strains  (Nos  7655.  7705.  799,  .10  and  62)  sensitized  the  erythrocytes 
only  with  the  use  of  the  undiluted  supernatant  liquor,  one  (l)  strain  (No  18) 
sensitised  the  erythrocytes  In  a  1:2  dilution,  two  (2)  strains  (Nos  7675  cud 
Betnagar)  sensitized  the  srythrocytes  in  a  1:4  dilution  and  four  (4)  strains 
(~i-I,  Nos  1203,  208  and  ¥*24446)  sensitised  the  erythrocytes  in  a  1:8  di¬ 
lution.  * 
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Tha  virulence  of  all  these  strains  had  13980  verified  by  tests  on  mice. 

The  mice  were  intraperitoneally  inoculated  with  a  24  hour  culture  of  a 
strain  In  various  doves  which  peraltted  the  determination  of  the  LD^  of 
every  strain.  The  daath  of  the  alee  were  taken  into  account  for  72  hours. 

All  necessary  calculations  were  conducted  by  the  Seed  and  Mench*  (See  Trans¬ 
lator's  note  Ho  2}  mothed. 

From  table  Ho  2  it  ip  apparent  that  the  decrees,  zf  the  LDjq,  as  a  rule, 
aocomp/jaied  m  Increase  of  the  71-antigen  titer.  The  strains  not  containing 
7i-&atigea  or  containing  the  latter  In  low  titers  (1:4)  belonged  correspond¬ 
ingly  to  the  strains  of  little  or  medium  virulence.  The  strains  containing 
71-ant lgen  in  a  greater  quantity  (1:8)  belonged  to  the  more  virulent  group. 

The  following  series  of  experiments  Included  the  determination  of  the 
typhoid  fever  aierobic  strains'  immunogen! city  in  mice  and  the  comparison 
the  data  received^vith  the  quantitative  content  of  71-tent igen  in  the 
corresponding  vaccines.  With  this  purpose,  the  24  hour  growth  of  an  agar 
culture  of  the  strains  under  investigation  was  washed  off  with  a  physio¬ 
logic  solution  and  the  resultant  suspension  heated  at  5o  for  one  (1)  hour. 
After  an  appropriate  control  on  the  sterility  of  the  resultant  vaccines,  they 
were  tested  on  mice  and  by  the  hemagglutination  reaction. 

The  Immunogen! city  of  the  heated  cultures  were  verified  in  the  following 
manner.  Each  vaccine,  i»  100  million  microbic  bodies  amounts,  was  twice 
subcutaneously  injected  into  a  group  of  aixteen  (16)  mice  with  a  week's  in¬ 
terval  between  the  injections.  On  the  tenth  day  after  the  completion  of  the 
vaccination,  all  of  the  mica  were  intraperitoneally  inoculated  with  a  viru¬ 
lent  culture  of  Ti^4446.  Each  group  (16)  of  mice  was  divided  into  four  (4) 
subgroups  (4  iu  each  group)  and  inoculated  with  1,  2  and  4  Del  respectively 
(1  Del  was  first  tested  for  three  (3)  days  and  equalled  75  million  living 
microbes).  The  mice  of  the  control  group  were  Inoculated  simultaneously  with 
leaser  experimental  doses  of  the  culture  (%,  and  1  Del).  The  death  of 

the  mice  waa  observed  ever  a  72  hour  period  after  which  the  results  were 
processed  by  the  Heed  and  Mench  formula  for  the  determination  of  the  LDqg. 

The  test  was  repeated  twice,  and  the  corresponding  averags  of  the  LD50  was 
computed. 

The  hemagglutination  reaction  was  arranged  by  the  usual  method.  7aried 
dilutions  of  the  heated  cultures'  supernatant  liquor  were  used  for  the  eenei- 
tii&tioa  of  the  erythrocyte*.  It  ie  evident  from  table  3  that  should  an  in¬ 
jection.  of  over  100  million  microbes  of  the  virulent  culture  produoe  a  50  $> 
death  rate  in  a  group  of  mice  that  had  been  Immunised  by  the  heated  cultures 
containing  71-antigea  at  ft  X;16  tltsr,  then,  the  same  effect  would  be  a- 
chieved  by  an  injection  of  only  25  million  microbes  for  a  group  of  mice 
that  hud  been  immiaised  by  the  heated  cultures  not  containing  Vi-aitigen. 

Aa  Intensification  of  the  heated  cultures'  Immunogenic  properties  is  de¬ 
rived  by  increasing  the  Vi -antigen  content  in  them. 

The  Investigation  concerning  the  dependence  of  the  imrunogonicity  upon 
the  quantitative  content  of  71-antigen  in  the  produced  forool vaccines  was 
of  significant  interest.  Ths  determination  of  7i-aatlges  in  vaccines  by 
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using  a  reaction  with  aua  antlnuerobic  Vi-eerum  is  practically  impossible 
beoauae  the  majority  of  the  vaccines  do  r~t  agglutinate  with  Yi-aerum,  ?.nd 
if  they  do  agglutinate,  they  do  so  only  to  a  slight  degree.  Therefor*,  the 
hemagglutination  reaction  was  utilised  with  an  applisation  of  the  diluted 
supernatant  liquors  of  the  raoclnes. 

By  this  method  we  inrestigated  21  series  of  te.racaccine  prepared  in 
rarious  production  institutes  of  the  USSB.  one  series  of  foroolTaccine  pre¬ 
pared  from  the  Tu2h446  strain,  and  two  series  of  the  polyraccine  NIISI.  It 
is  of  interest  to  note  that  the  latter  did  not  sensitiae  the  erythrocytes 
and  the  hemagglutination  reaction  with  it  was  negatire.  The  most  probable 
explanation  of  this  is  that  ths  typhoid  fere r  antigen  located  in  the  r&cclne 
was  apparently  already  bound  by  aua  adsorbent.  The  teat  of  all  the  listed  vac- 
cines  showed  that  the  highest  dilutions  of  the  supernatant  liquor  capable 
of  sensitising  the  erythrocytes  raried  within  the  different  raoclnes  from 
1:4  to  1:32. 

The  immunogenic ity  was  checked  in  IS  series  of  the  tetraracoines.  The 
method  of  immunisation  and  inoculation  of  the  mice  was  the  same  as  with  the 
inrestlgatlon  of  the  heated  cultures.  The  only  difference  was  that  in  this 
test  the  mice  were  inoculated  with  three  (3)  doses  (1,  2  and  4  Del)  of  a 
rirulent  1^4446  culture. 

As  the  single-momental*(See  Translator's  note  No  3)  checking  of  the 
many  racoines  did  not  seem  possible,  we  included  one  and  the  same  raccine 
in  erery  series  as  a  standard  for  the  comparison  of  the  results  received 
from  the  rarious  series  of  tests.  Ve  adopted  the  tetraracclne  of  series  No 
24, which  was  prepared  in  the  Gamaleya  Institute  of  the  Academy  of  Medical 
Science  of  the  USSB,  as  that  standard.  In  all,  four  (4)  ssries  of  tests 
were  conducted.  For  the  comparison  of  all  the  results  in  the  different  ser¬ 
ies,  we  took, as  a  basis,  the  data  reoelred  in  the  series  in  whioh  the  ef¬ 
fectiveness  Index  of  the  standard  raccine  was  ths  lowest.  For  each  of  the 
remaining  series  of  tests,  we  found  the  number  whic_  showed  how  many  times 
the  effectiveness  index  of  the  raccine  in  series  No  24  was  larger  than  the 
index  in  the  series  of  ths  tsst  taton  as  a  basis.  Into  this  number  were  di¬ 
vided  the  effectiveness  indices  of  each  of  the  raoclnes  entering  the  r'.en 
series  of  the  test. 

It  Is  evident  in  table  No  4  that  there  was  no  strict  dependence  between 
the  amount  of  the  effectiveness  index,  speaking  of  the  immunogenic lty  of  the 
vaccine,  and  the  quantity  of  the  71-antigen  determ'  .»d  by  the  agglutination 
reaction.  However,  if  the  Vi-antlg*n  titer  was  small  (1:4),  the  immuno- 
genlclty  of  the  vacolne  wee  low..  And  the  majority  of  the  vaccines  containing 
Yi-antigeu  at  a  1:8  titer  belonged  to  the  vaccines  with  a  lower  imnunogen- 
lolty  thatn  the  racoines  having  a  Ti-aatigen  titer  of  1:16. 
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CONCLUSIONS 


1.  The  use  of  the  hemagglutination  reaction,  belonging  an  do  all  ter- 
ological  tests  to  the  supplementary  methods  of  71  antigen  investigation,  ea* 
a bled  us  to  present  the  following  advantages  of  thie  method: 

a.  The  absence  of  the  non-specific  reaction a  associated  witn  the 
presence  of  other  antigens  and  antibodies  (0-antigea  and  O-ant  ibodies).' 

b.  The  possibility  of  the  determination  of  the  quantitative  volume 
of  Vi-antigen  in  the  preparation  under  investigation, 

o.  The  possibility  to  determine  the  antigen  in  a  dissolved  state. 

2.  A  study  of  the  cultures'  viral ©nee  compared  to  the  quantitative 
volume  of  antigen  in  th«m(  as  determined  by  the  hemagglutination  reaction) 
allowed  us  to  determine  that  with  an  Increase  of  71-antigen  In  the  cultures, 
their  virulence  was  increased. 

3*  The  immunogenic it y  of  the  warmed  vaccine  v&s  in  direct  dependence 
on  the  quantitative  volume  of  7i-antigen  In  the  supernatant  liquor  obtained 
by  centrifuging  the  vaccine. 

h.  The  immunogen icity  of  the  formolio  tetravacclnes  depended  to  a  known 
degree  upon  the  quantitative  volume  of  Vi-antigen  in  it.  Howsver,  a  complete 
conformity  between  the  quantity  of  Vi-antigen  and  the  immunogenic  properties 
of  the  vacolns  did  not  develop  in  all  cases* 


Translator's  notes: 

1.  Names  are  transliterated  from  the  Russian  text,  and  in  actuality  oould 
be  spelled  differently. 

2.  Same  as  No  1. 

3.  The  Russian  word  "odnoooaantno"  is  unfamiliar  to  the  translator*  It  could 
mean  "instantaneously11  or  perhaps”# imultaneously". 


5 


Iv’O 

1:80 

1:160 

1:320 

IToa-r.cn  it  iced 
rryih rosy tec 
(Control) 


•jjr.’bln  2 

7irv.lcr.co  of  the  cr.ltv.rco  can  thoir  Yi-ratir-cii  content, 


Best  Available  Copy 


6 


oo 


Table  No  3 

Iaauaogenicity  of  the  culture!  and  their  Vi-natlgen  contest* 


T  Tbe_LD5^  de^ermined^iii  the  iegtfj  The 
^Strain  _  !  __  !•£ _ _2nd _ j.  ATLr££2.  -  1  4®® 


The  Yi-antigen  titer  by  the 
h e magg^u^inat_i  on_r_e a£t Ion  _ 


H-901 


18.75 


!  48.5 


Eatnagar 


'  66.8 

!  106 


i  62. 6 
j  70.9 
i  73.7 
;  76.9 
!  92.9 


118.5 


111.2 


116.7 


Yi-I _ ^  150 _ 1*0. _ 150 _ ;  _  Vl*> _ 

Non-isuaun-  I 

ited  Mice  j  j 

(Control)  I  18.75  11.1  i  14.9  j 
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Table  Ho  4 

Immunogenic  it y  of  the  vaccine*  ezpreeeed  in  indice*  of  effective^**, 
llso,  the  Vi-antigen  titer*  in  the  vaccines. 


Vaccine 


—  city. 
GorMcii" 


Serie* 

Ho 


Index  of  *  Vi-antigen  titer  by  the  re¬ 
effect  Irene**  j  racoination  of  hemagglutination, * 


Hhar'kov 

Tbiliei 

Khabarovsk 

Hasan' 

Fora' 

Mo* cow 

Khar'kov 

Oor'kil 

Hasan' 

IHtetak 

Leningrad 

Odessa 

Moscow 

Leningrad 

Moscow 

Leningrad 

Kh&r jkgv^  _ 


62 

1.19 

1:4 

89  ; 

1.49 

1:16 

60 

1.53 

1:4 

18 

1,66 

L  ;8 

41 

1.66 

1:8 

45 

1.76 

1:8 

42  1 

• 

1.72 

1:8 

1  82 

1.84 

1:16 

!  54 

I 

1.85 

1:32 

33 

1.88 

1:16 

;  36 

1.88 

1:16 

105 

2.06 

U16 

5 

2.2 

1:16 

35 

2.22 

1:8 

j  28 

2.33 

1:16 

I  24 

2.65 

1:8 

121 

2.8 

1:16 

J-  26 _ 

_ 2-1 _ 

l  1:16 

♦Translator*  note-In  the  translator's  opinion,  the  heading  of  the  fourth 
column  should  read  a*  follow* : 

*  The  Vi-antigen  titer  a*  determined 
by  the  heaagglut iaat ion  reaction*. 


